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(54) PRODUCTION METHOD FOR HOLLOW ALUMINA PARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a production method for a 
hollow alumina particle which has a strong bonding strength of alumina 
powders with each other, can form a homogeneous and stiff porous 
shell layer, has a high sphericity, and is suitable for production of the 
fine hollow particle which has the particle diameter of 20 |am or less 
and in which it is expected that its demand will be increased hereafter. 
SOLUTION: This production method for the hollow alumina particle is 
characterized in that resin powders 10 and alumina powders 11 having 
smaller diameters than the resin powders 10 are mixed while 
subjecting them to press contact, a precursor is formed by covering the 
surface of resin powders 10 with alumina powders 1 1 in such a state 
that a part of the powder 1 1 is embedded into the powder 10, and then 
the precursor is burned to eliminate the resin powders 10 and at the 
same time, the alumina powders 1 1 are bonded with each other to 
form a porous shell layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the manufacture approach of the alumina empty capsid which alumina powder joins 
together, forms a porosity shell layer, and makes hollow structure, especially, the bond strength of this invention of 
alumina powder is high, and it relates to the approach for obtaining the alumina empty capsid which presents the shape 
of a real ball. 
[0002] 

[Description of the Prior Art] For example, the composite material which made base materials, such as a metal, 
distribute an alumina particle for the purpose of lightweight-izing of an ingredient, strong enhancement, etc. is used 
widely. Moreover, alumina powder joins together for the further lightweight-izing, an approximately spherical porosity 
shell layer is formed, and the alumina empty capsid which made the interior hollow is also used increasingly by the end 
of today. 

[0003] It is common to form and manufacture the porosity shell layer which alumina powder combined while this 
alumina empty capsid forms the precursor which covered the whole surface of the resin powder of a major diameter 
used as a core material with the powder layer which consists of alumina powder of a minor diameter rather than resin 
powder and removes resin powder from a precursor. For example, the high absorptivity polymer powder which carried 
out water absorption swelling, and alumina powder are contacted to JP,10-258223,A, the powder layer by alumina 
powder is formed in all the front faces of high absorptivity polymer powder, it considers as a precursor, and the 
approach to manufacture the alumina empty capsid which removes a high absorptivity polymer and is made into hollow 
structure is indicated by by elevated-temperature-drying or calcinating this precursor. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the conventional manufacture approach, as typically shown in 
drawing 8 , since the alumina powder 1 1 has only adhered to the front face of the resin powder 10, a precursor has the 
problem that the alumina powder 1 1 cannot hold peeling omission and a powder layer from the resin powder 10 easily 
to homogeneity, in the case of elevated-temperature desiccation or baking. And in order for the resin powder 10 to 
expand thermally by elevated-temperature desiccation or baking or to evaporate, in response to the pressure by which 
the alumina powder 1 1 goes to the method of outside, a powder layer becomes easy to collapse. As a result of such 
exfoliation of the alumina powder 1 1 and breaking of a powder layer, a homogeneous porosity shell layer is not formed, 
but when raising the productivity of an alumina empty capsid, it has been a serious failure. 
[0005] Moreover, in order to advance lightweight-ization further, want to the detailed alumina empty capsid of 20 
micrometers or less in particle size is also becoming high, and, for that purpose, the activity of the alumina impalpable 
powder of submicron order is obliged by the end of today. However, maintaining the uniform powder layer by such 
alumina impalpable powder, and forming a good porosity shell layer reaches to an extreme of difficulty further. 
[0006] It aims at offering the manufacture approach also suitable for a detailed alumina empty capsid with a particle 
size of 20 micrometers or less it is expected to be that this invention is made in view of such a situation, and the 
bonding strength of alumina powder is strong, and can form a homogeneous and firm porosity shell layer, and need will 
increase to a real ball closely, especially from now on. 
[0007] 

[Means for Solving the Problem] In the manufacture approach of the alumina empty capsid which alumina powder 
combines this invention, forms a porosity shell layer, and makes hollow structure in order to attain the above-nientioned 
object It mixes with resin powder, carrying out the pressure welding of the alumina powder of a minor diameter rather 
than resin powder. The precursor which comes to cover the front face of resin powder after alumina powder has 
embedded the part is formed, and while calcinating a precursor subsequently and making resin powder burned down, 
the manufacture approach of the alumina empty capsid characterized by making alumina powder sinter is offered. 
[0008] 



[Embodiment of the Invention] Hereafter, the desirable operation gestalt of this invention is explained to a detail. 
[0009] By the manufacture approach of the alumina empty capsid of this invention, as both push one another mutually, 
while they do the pressure welding of resin powder and the alumina powder first, it mixes. The precursor which covered 
the front face of the resin powder 10 by this pressure-welding mixing after the alumina powder 1 1 had embedded that 
part as typically shown in drawing 1 is obtained. By taking such a coat condition, alumina powder can join together, the 
alumina fine particles 1 1 having separated, not falling on the occasion of subsequent baking, and maintaining a coat 
condition good, and the homogeneous and firm porosity shell layer which consists of alumina powder 1 1 can be formed. 

[0010] As equipment for carrying out the above-mentioned pressure-welding mixing, the equipment typically shown, 
for example in drawing 2 can be illustrated, the medial axis of the chamber 2 which this pressure-welding mixing 
equipment 1 can be rotated freely, and presents the shape of a drum - inner - 3 and a scraper 4 ~ predetermined 
distance ~ it is, and the outline configuration is arranged and carried out. The wall of a chamber 3 and the field of the 
side which counters are presenting the shape of a cross-section abbreviation semicircle, and inner 3 forms few 
clearances between the walls of a chamber 2 so that introduction and the send of the mixed fine particles 5 can be 
performed smoothly. Moreover, for example, the mechano fusion system (AM[ by Hosokawa Micron CORP. ]- 15 F) is 
known as pressure-welding mixing equipment 1 of such a configuration. 

[00 11] On the occasion of pressure-welding mixing, first, the mixed powder 5 of the resin powder 10 and the alumina 
powder 1 1 is thrown into a chamber 2, and a chamber 2 is rotated in the direction of an arrow head at high speed. The 
mixed powder 5 is pushed against the wall of a chamber 2 by the centrifugal force with this revolution, subsequently, 
the mixed powder 5 - inner ~ in case it passes through the clearance between 3 and the wall of a chamber 2, the resin 
powder 10 and the alumina powder 1 1 force each other mutually according to shearing force, and some alumina powder 
1 1 is embedded on the front face of the resin powder 10. inner [ and ] — it was shaved off by the scraper 4, the same 
process was performed repeatedly, and the mixed powder 5 which passed 3 was eventually shown in drawing 1 - as ~ 
all the front faces of the resin powder 10 ~ a wrap - some alumina powder 1 1 is embedded like. As an embedded 
amount to the resin powder 10 of the alumina powder 1 1 at this time, in order to make more reliable elevated- 
temperature desiccation and exfoliation prevention in the case of baking, about 50 - 80% of the powder volume is 
desirable, and it adjusts the clearance between inner 3 suitably as the wall of the processing time or a chamber 2. 
[0012] In addition, a chamber 2 may be heated on the occasion of pressure-welding mixing. The resin powder 10 
becomes soft with heating, and the alumina powder 1 1 pad-comes to be easy, inner [ however, ] - since it generates 
heat a little according to the press operation by 3, when there is no need, such as compaction of time amount, especially, 
it can carry out in ordinary temperature. 

[0013] Moreover, although especially the mixing ratio of the resin powder 10 and the alumina powder 1 1 is not 
restricted and is based also on each particle size, it is a weight ratio and should just throw in the resin powder 10 and the 
alumina powder 1 1 equivalent [ every ], for example. 

[0014] Subsequently, the obtained precursor is calcinated, and while gasifying the resin powder 10 and vanishing it, 
alumina powder 1 1 comrades are combined. Baking conditions set up suitably sufficient temperature for the resin 
powder 10 making it disappear thoroughly, and time amount according to the class of resin. 

[0015] In the baking process of the above-mentioned precursor, a precursor may be put into an electric furnace etc., the 
temperature process which carries out temperature up gradually and which is gasified and calcinated from a room 
temperature may be adopted, and after the resin powder 10 puts in and processes a precursor to the electric furnace 
heated by the temperature gasified thoroughly, the temperature process which carries out temperature up to the 
temperature which alumina powder 1 1 comrades combine may be adopted. In order that the resin powder 1 1 may gasify 
in an instant and may disappear by adopting the latter temperature process especially, the alumina empty capsid more 
near a real ball is obtained. Moreover, although the processing temperature of the precursor in the latter temperature 
process is based also on the class of resin powder 10, 700-800 degrees C is suitable for it. 
[0016] Although the alumina empty capsid of this invention is obtained by the above-mentioned baking, a 
homogeneous and firm porosity shell layer is formed from the alumina powder 1 1 separating and not falling from the 
resin powder 10 on the occasion of baking. 

[0017] In addition, in this invention, although there is no limit in the class of resin powder 10, it is desirable that it is 
elastic resin so that the alumina powder 1 1 can be embedded. For example, the powder which consists of polystyrene, 
polymethylmethacrylate, polyethylene, polypropylene, etc. can be used suitably, especially, the result of differential 
thermal analysis is shown in drawing 3 - as - polymethylmethacrylate (PMMA) - polystyrene (PS) and polyethylene 
(PE) - comparing ~ more - a low temperature side - rapid - decomposing - about 350 degrees C - abbreviation - 
since survival is also lost thoroughly, it is desirable. By using this polymethylmethacrylate powder, as shown also in the 
example mentioned later, the alumina empty capsid more near a real ball is obtained. 

[0018] Moreover, the particle size of the resin powder 10 is suitably chosen according to the particle size of the alumina 



empty capsid made into the object. In this invention, it is setting to generate an alumina empty capsid with a particle 
size of 20 micrometers or less to one of the objects, and what was classified in the particle size of 20 micrometers or 
less as resin powder 10 on that occasion is used. 

[0019] Furthermore, it is more desirable than the alumina powder 1 1 and the alumina powder 1 1 to mix the silica 
powder of a minor diameter and to perform pressure-welding mixing with the above-mentioned resin powder 10. 
Thereby, in the case of pressure-welding mixing with the resin powder 10, the silica powder of a minor diameter enters 
the clearance between the alumina powder 1 1 of a major diameter, and a more precise porosity shell layer can be 
formed. In addition, the amount of silica powder is less than 50 % of the weight in the mixture of the alumina powder 
1 1 and silica powder, and it is desirable to consider as 3 - 20% of the weight of the range from the point of the 
reinforcement of a generation alumina empty capsid. 
[0020] 

[Example] Although an example is given to below and this invention is further explained to it, thereby, this invention is 
not restricted at all. 

[0021] (Example 1) It supplied by the combination which shows the silica powder classified in the 

polymethylmethacrylate powder classified to the mechano fusion system (refer to AM[ by Hosokawa Micron CORP. ]- 

1 5F; drawing 2 ) at 20 micrometers of mean diameters, the alumina powder classified in 0.2 micrometers of mean 

diameters, and 0.01 1 micrometers of mean diameters in a table 1, and the chamber was rotated for 30 minutes by 

2500rpm, and the precursor was obtained. In addition, the clearance between INNA and a chamber was set to 1mm. 

[0022] 

[A table 1] 
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[0023] And after having put the obtained precursor into the electric furnace, having heated with 0.1-degree-C 
programming rate for /in the 250-400-degree C temperature requirement first in air, making polymethylmethacrylate 
gasify and carrying out temperature up to 400-1600 degrees C succeedingly with about S-degree-C programming rate 
for /, at 1600 degrees C, it held for 3 hours, calcinated, and, subsequent!}^ cooled to the room temperature at the 
temperature fall rate for 5-degree-C/. 

[0024] The electron microscope photograph which photoed the condition immediately after taking out from an electric 
furnace is shown in drawing 4 . In (b) with which (b) blended silica powder although (c) was the case where silica 
powder was blended 10% of the weight when silica powder was blended 5% of the weight, and (c), only alumina 
powder maintained the globular form good, and the adhesion of this drawing (a) of alumina empty capsids has also 
decreased [ the alumina empty capsid ]. 

[0025] Moreover, although the electron microscope photograph which photoed the front face of the alumina empty, 
capsid of the 5 % of the weight combination of silica powder to drawing 5 (a), and photoed the cross section to this 
drawing (b), respectively is shown, it turns out that it is the hollow object which consists of a nearly perfect spherical 
and heavy-gage and homogeneous porosity shell layer. 

[0026] Moreover, the particle size of each obtained alumina empty capsid is measured, and the result of having searched 
for the grain-size cimiulative distribution is shown in drawing 6 : Although the grain-size cumulative-distribution curve 
of the polymethylmethacrylate powder used for the comparison was written together, it turns out that each grain-size 
cumulative-distribution curve of each alumina empty capsid has taken the form where the parallel displacement of the 
grain-size cumulative-distribution curve of polymethylmethacrylate powder was carried out to the major-diameter side, 
and the particle size of a generation alumina empty capsid can be controlled by particle size of the resin powder to be 
used from this. Furthermore, by blending silica powder shows that a major-diameter particle decreases and the alumina 
empty capsid to which particle size was equal is obtained. 

[0027] (Example 2) With the polymethylmethacrylate powder classified to the mechano fusion system (refer to AM[ by 
Hosokawa Micron CORP. ]-15F; drawing 2 ) at 10 micrometers of mean diameters, the mixture (5 % of the weight of 
silica powder) of the alumina powder classified in 0.2 micrometers of mean diameters and the silica powder classified in 
0.01 1 micrometers of mean diameters was thrown in, the chamber was rotated for 30 minutes by lOOOrpm, and the 
precursor was obtained. In addition, the clearance between INNA and a chamber was set to 1mm. 
[0028] After putting the obtained precursor into the electric furnace first heated by 700 degrees C and making 
polymethylmethacrylate gasify in an instant, temperature up was succeedingly carried out to 1600 degrees C with about 



5-degree-C programming rate for /, and at 1600 degrees C, it held for 3 hours, calcinated, and, subsequently cooled to 
the room temperature at the temperature fall rate for 5-degree-C/. 

[0029] The electron microscope photograph which photoed the condition immediately after taking out from an electric 
furnace is shown in drawing 7 . Although this drawing (a) shows a front face and this drawing (b) shows a cross section, 
respectively, even if compared with the alumina empty capsid (refer to drawing 5 ) of an example 1, it turns out that it is 
the hollow object which becomes a real ball from near and a heavy-gage and homogeneous porosity shell layer more. 
[0030] 

[Effect of the Invention] As explained above, according to this invention, the bonding strength of alumina powder is 
strong, has a homogeneous and firm porosity shell layer, and can manufacture the ceramic empty capsid near a real ball. 
Moreover, the manufacture approach of this invention is suitable also for manufacture of a detailed alumina empty 
capsid with a particle size of 20 micrometers or less it is expected to be that need will increase from now on. 
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(b) J4>''J;<?»5|5S-5llj|%E-^UcJ^ 

( c ) {iv'j 1 onM%m-^uzm^x'h 

[002 5] 05 (a) (C>'U;&«»*5a«%ie 

[ 0 0 2 6 ] tfc, ^>^l/<:#T;^S:^4'^Si^<o«ig 
trails 'eiOfiiS«S^^|i?r^467t^S2:06(::S^ 

[0 0 27] (.%tm2) MjJVa.~V^yi/Xri^ 

(*y;</V5i?D>'(1*)^AM-l 5F ;|12#ra) • 

tC, ^±W21 0 ^m(C^^$ix/C'-KU ^f-;M ^' 'J 40 
l^- V^nt 1 1 1 . Ti^eSO . 2 tx mtc^s^a/c 
ryUS-f^^t^J^SSO. 0 1 l/xmttiJ-iSSilfci^ 

^^ry>'N'S: 1 0 0 0 r p mf. 3 O^i-r^lHlteS-tJ:. fflB 

[0028] '^t^ixfzimw-^ . 0 o-ctcjDia^ 
i\.t^%!m^z-yjxxmi^ziir^ u ^ 

0 O-CtC^iSL. 16 0 O'CtCT 3B#ra»^*tt:^^ * 50 



[0029] m^^t^W)^\.tzWkmm&^L 
tz%i-mmmmi \z7fct, pia (a) ti^ii^. 

ism ( b ) \mm^^ti^iv^ti)K i ot^l-s 
-^^ssi^ m^m.) \iz)ic/<x^i.^m.\z:-£L<. 

[0030] 

\W9im%\ mmm^fzi-o^z. immzi.m.. 

wm^m^mzirs l tzmxh h . 
[02] ^m<oT/u s ^*sf4i^<7)i?ji:^^(c<§gffl$ 

m3]:^mxmmmmmmmmm^mMk 

t:7rtmx'h^, 

imA] mmmix'nhtifzTJi-ii''¥mif-(om& 
ik(mmimif::Z^mtm'¥MX'h o . ( a ) (4t 
;^5-^fi*^o;^^, (b ) {ii/'j;<?»*5afi%ie^. 
( c ) ii^^om^i oa«%ie^uc^sr^-t. 

[05 ) llifi«^J 1 •c1#^>i^it7;^S:^+S^4^^ ( 5j 



[ 111 6 ] mmm i tit ^>n/'v:#T;i- $ oas 

[117] ||te«2Tl#^>^l7^cT/l-S-^+SSii^ ( 5 a* 

%i^u*ffi^) mflicoaffi ( a ) &mm ( b ) imB 
uzm^mmmMX'hi, 
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10 mmm. 



(5) 

1 1 Tjvitmm 



#^20 03-1 60330 
8 



[HI] [112] [US] 
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(6) 



#il2003-l 60330 



[04] [07] 




(72)5|Bfl« F^'-A(##) 4G076 AA02 AB02 AC07 CA03 CA06 
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